It is clear that the origins and spread of agriculture from several core regions around the world had a pronounced e¤ect on our planet, and this phenomenon is considered to be one of the most fundamental economic changes in our collective human history. Why this economic transition occurred is still a subject of great debate. Comprehensive edited texts covering this subject and published just in the last decade or so alone include the following: Cowan and
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In East Asia, ample archaeological evidence exists that suggests that the origins of millet and rice agriculture occurred in two separate locations. Evidence of foxtail millet (Setaria italica) agriculture first appears in the archaeological record in northern China between 9000 and 8000 years b.p. at Cishan and Cha-hai. Northeast Asia, with a cool and dry climate, was and is much better suited for millet cultivation. Rice (Oryza sativa) production appears slightly later in southerncentral China at the site of Hemudu near Lake Taiku in the Lower Yangzi Valley between 7000 and 5900 years b.p. Southeast and South Asia, with its hot and humid climate, was and is an ideal region for rice to grow. In fact, wild rice (O. rufipogon) has been known to grow in monsoon Asia from the Himalayas to the Malay Peninsula and even as far north as the Yangzi River (S. M. An , 2004 ; K. C. Chang 1986; T. T. Chang 1976 T. T. Chang , 1983 Crawford 1992; Crawford and Chen 1998; Glover and Higham 1996; Heu 1991; Higham 1995; Higham and Lu 1998; Ho 1977; Smith 1998; Zhao 1998) .
It is currently accepted that Korea was a secondary region for agricultural origins. That is, rice and millet domestication originated in China and later spread across the Korean Peninsula (S. M. An 2004; Choe 1982; Crawford and Lee 2003; W. Y. Kim 1986) . In this essay, it will be proposed that a number of underlying influences were present during the Holocene in Korea that prompted the transition from a diet that relied primarily on hunting and gathering during the Neolithic to one where full-scale agriculture became the norm during the Bronze Age. Before I explore the possible reasons for the spread of plant domesticates and the factors related to this dietary transition, the general characteristics of the Korean Neolithic and Bronze Age need to be briefly reviewed in order to better understand how or why the process of plant domestication took hold in Korea.
brief overview of the korean neolithic and bronze age
The Korean Neolithic is from c. 10,000 to c. 3,500 b.p. and the Bronze Age is between c. 3,500 and c. 2,300 b.p. The terms ''Neolithic'' and ''Bronze Age'' in Korean archaeology are synonymous with pottery types. The Neolithic is represented by incised pottery. This cultural period is also referred to as ''Chulmun'' and sometimes ''Bissalmuneui.'' The Bronze Age in Korea begins with the introduction of ''Mumun'' or plainware and actually predates the establishment of bronze on the peninsula by at least several hundred years. It is sometimes referred to as the Mumun period. Very few traces of complex society currently exist in the Korean Neolithic record, though a plethora of evidence is available to suggest that society during the Korean Bronze Age was stratified (S. M. An 2004; Choe and Bale 2002; J. S. Kim 2002; W. Y. Kim 1986; J. J. Lee 2001a; Norton 2000a; Rhee and Choi 1992) . In order to be consistent with other papers I have written on this subject (e.g., Norton 2000a; Norton et al. 1999) , I will continue to use the terms ''Neolithic'' to refer to the time period between c. 10,000 and 3500 b.p. and ''Bronze Age'' to refer to the time period between 3500 and 2300 b.p.
The Neolithic can be broken down into four cultural stages: Incipient, Early, Middle, and Late (Table 1 ). The Korean Incipient Neolithic is from c. 10,000 to c. 8,000 b.p. and can be defined by the presence of microblades and pottery in the same context. Evidence for sedentary settlements is often considered to be representative of the Korean Neolithic. During the Incipient Neolithic, however, hunter-gatherers are thought to still have been at least semimobile. Even though as many as 30 sites have been associated with this substage (S. M. An 2004) , the most representative site from this cultural subperiod is Kosanni from Chejudo, the southernmost island o¤ the Korean Peninsula (CNUM 1998) . Kosanni is an open-air site with 14 C dates of 10,400-10,200 b.p. In addition to a diverse stone tool assemblage (700 projectile points, 470 microblades, scrapers, bifaces, and burins), over 1900 Chulmun pottery sherds were discovered during excavations (Choe and Bale 2002; CNUM 1998) . This attests not only to the hunting of indigenous deer and wild boar but to the probable storage of prepared foodstu¤s (e.g., dried meat, plants, and nuts) to facilitate survival during the lean winter months. For the most part, the other sites that are proposed to date to the Incipient Neolithic either lack 14 C dates (e.g., Sopohang, Dongkwanjin, Imbulli) or the associated 14 C dates are questionable (e.g., Osanni has one 14 C date of 12,000 b.p.).
The advent of the Early Neolithic substage (c. 8,000-5,500 b.p.) in Korea is marked by the introduction of sedentary villages comprised of semisubterranean pithouses along the coast and major inland river basins (see Table 1 ). Excellent norton . the increased use of plant domesticates examples of these villages are Amsadong and Misari, which are located right outside of Seoul. In addition, shell midden sites begin to appear along the southern coast of the peninsula (e.g., Sangnodaedo). At some Neolithic shell midden sites, evidence of dwellings has been unearthed (e.g., Tongsamdong). Burials have also been found in these shell midden localities. For instance, 17 burials were found in the Yondaedo site. Burial goods include pottery, beads, and fishing tools (S. M. An 2004; Choe and Bale 2002; J. J. Lee 2001a; Norton 2000a; Rhee and Choi 1992) .
Chulmun pottery continues to be present, in addition to evidence for storage pits within many of the pithouses during the Early Neolithic. Chipped and ground stone tools were the primary technology, but composite bone fishhooks and harpoons begin to appear as well. In addition to the first evidence of shellfish utilization in Korea, the presence of bird, fish, and deep-sea mammal remains in some shell midden deposits, along with the composite bone tool technology, attests to the advent of wide-scale utilization of resources from the sea and air. As discussed below, Osanni may present evidence for plant cultivation during the Early Neolithic (S. M. An 2004; Choe and Bale 2002; J. J. Lee 2001a; Norton 2000a; Rhee and Choi 1992) .
For the most part, the Middle Neolithic (c. 5,500-4,200 b.p.) is similar to the Early Neolithic (see Table 1 ). The primary di¤erence is that we begin to see clear evidence of the cultivation of wild cultigens (foxtail millet, barnyard millet) and stone tools normally associated with such activities (e.g., querns, digging sticks). However, hunter-gatherer subsistence continued to rely on hunting of terrestrial game and birds, deep-sea fishing and hunting, and the collection and processing of local plants, nuts, and shellfish. Sites continue to be occupied along the coast (e.g., Tongsamdong), but we begin to see sedentary villages farther inland (e.g., Sangchonni). Middle Neolithic hunter-gatherers continued to utilize Chulmun pottery with regional variation present (west coast: conical pots with pointed bottoms; east and south: flat bases on the vessels) (S. M. An 2004; Choe and Bale 2002; J. J. Lee 2001a; Norton 2000a; Rhee and Choi 1992) .
The Late Neolithic (c. 4,200-3,500 b.p.) is when changes in settlement patterns and diet become more evident (see Table 1 ). Many shell midden sites become less utilized (e.g., Sangnodaedo, Tongsamdong) and an increase in inland occupations occurs. Variation in deep-sea hunting and fishing, along with changes in shellfish collecting patterns, become clear. The shell midden sites that are still occupied during this subperiod (e.g., Konamri) show support for an intensification of the subsistence base. Evidence for the cultivation of wild cereals increases, while palpable proof of other plant domesticates (e.g., rice) begin to appear in the archaeological record. Semilunar knives, which are normally associated with millet and rice agriculture, begin to become visible in Neolithic sites. In addition, jade (early traces of complex society?) is present in some archaeological contexts (S. M. An 2004; Choe and Bale 2002; J. J. Lee 2001a; Norton 2000a; Norton et al. 1999; Rhee and Choi 1992) .
The introduction of Mumun pottery (''plainware'') signals the beginning of the Bronze Age in Korea (c. 3,500 b.p.) (see Table 1 ). Many significant changes occur with the transition from the Late Neolithic to the Bronze Age. Even though some of these transformations actually begin during the Middle-Late Neolithic, the changes become more pronounced once millet and rice agriculture became the asian perspectives . 46 (1) . spring 2007 subsistence base of Korean peoples during the Bronze Age. For instance, just about all of the shell midden sites occupied during the Neolithic are abandoned (exception: Konamri, as discussed below). Coastal occupation is rare as many of the villages moved inland. Mumun pottery is almost always found associated with farming tools (e.g., semilunar knives, stone sickles, hoes, querns, and digging sticks). Jade becomes more common in the archaeological record. Probably one of the most significant changes that occurs with the transition from the Late Neolithic to the Bronze Age is the appearance of dolmen burials. In addition to the marked increase in rice and millet production, all of these factors point to a higher level of sociopolitical complexity than evident during the Neolithic (S. M. An 2004; J. S. Kim 2002; J. J. Lee 2001a; Norton 2000a; Rhee and Choi 1992) .
spread of millet and rice domesticates across neolithic-bronze age korea
As there is currently an absence of evidence for early Holocene plant domestication in Korea, archaeologists believe that the process of cultivating millet and then later rice di¤used from China to the north and east on to the Korean Peninsula and the Japanese archipelago, probably accompanying human population movement and trade ( Fig. 1 ). This is not only due to the absence of plant remains at any of the Incipient Neolithic sites in Korea but to the dearth of tools recov- norton . the increased use of plant domesticates ered that are often associated with the harvesting and processing of plant domesticates (e.g., hoes, querns, sickles). However, it has been proposed that the eastern coastal site of Osanni may date to the Incipient Neolithic or even the Late Palaeolithic. Osanni has a singular 14 C date (12,000 G 50 b.p.), placing it in the Terminal Pleistocene, and excavations at Osanni revealed stone hoes, sickles, and pottery remains, which likely would have been used to process and store cultivated plants. However, the one 14 C date appears to be an outlier, as the other seven published 14 C dates range between 7120 and 5690 b.p., placing Osanni firmly in the Early Neolithic, which would still be considered early evidence for plant domestication in Korea (S. M. An , 2004 Choe 1982; Choe and Bale 2002; Crawford 1992; Crawford and Chen 1998; Shim 1991) .
Foxtail millet (Setaria italica) and broomcorn millet (Panicum milaceum) appear for the first time in Middle Neolithic deposits at Jitamni and Namgyungni in present-day North Korea and in the Middle Neolithic deposits of Tongsamdong (3640-2940 cal. b.c.), a site located along the southern coast of the peninsula (Table 2) . Before a major dam construction project was begun on the Nam River asian perspectives . 46 (1) . spring 2007 in the southern part of the Korean Peninsula in 1995, a number of highly intensive salvage archaeological projects were undertaken in the area with sites from all major cultural periods present. During those excavations, flotation for cultigen remains became more common in Korean archaeological excavations, and as a result a large diversity of cultivated plant remains were recovered from a number of Middle Neolithic sites (e.g., Oun, Sangchonni). For instance, carbonized barnyard millet (Echinochloa frumentaecea), barley (Hordeum satvium), beans, acorns, and walnuts were found along with foxtail millet at Sangchonni. Barley, wheat, rice, and millet were recovered from storage pits in houses from the Daechonni, Okchon site. The time range suggests occupation occurred during the MiddleLate Neolithic transition (3520-2550 cal. b.c.). However, the 14 C dates from Daechonni were obtained from carbonized materials from the dwellings and not the grains themselves (S. M. An 1998 An , 2004 Crawford and Lee 2003; Kwak 2001; Lee and Lee 1998; Rhee and Choi 1992) .
Currently, the earliest accepted evidence for the presence of domesticated rice in Korea is the findings from the open-air site of Oun along the Nam River near Jinju, with an AMS date range between 2860 and 1320 cal. b.c. (S. M. An 2004; Crawford and Lee 2003 use 1950 and 1000 cal. b.c. for the same samples). Accordingly, we begin to discern evidence for rice cultivation in the archaeological record dating to the Late Neolithic in Korea. Rice becomes more common in Bronze Age deposits. For instance, clear evidence for rice domestication is from the open-air Bronze Age sites of Chodogni, where charred rice (Oryza sativa), millets (Setaria italica), barley (Hordeum vulgare), and wheat (Triticum aestivum) grains were discovered in direct association with Mumun pottery; and Songgukni, where large amounts of rice grains were recovered (S. M. An , 2004 Crawford and Lee 2003; Kwak 2001; G. A. Lee 2000 G. A. Lee , 2001 Lee and Lee 1998) .
It is fairly well accepted that cultivated plants and agricultural techniques were present in sites on the Korean Peninsula by the advent of the Middle Neolithic (c. 5500-4200 b.p.) and possibly by the Early Neolithic (if substantiated by the findings from Osanni). It is also clear that this evidence appears only sporadically in Middle Neolithic deposits and becomes more common in Late Neolithic stratigraphic levels. However, it is not until the advent of the Bronze Age that cultivated cereals become the primary food staple of Korean peoples. The main research question here is: For what reason or reasons did the Korean complex hunter-gatherers come to rely more heavily on plant domesticates as their staple food by 3500 b.p.? Assuming everything remained the same, why change a successful subsistence pattern that appears to have utilized resources from the land (hunting of deer and wild boar, collecting and processing of local plants and nuts), air (hunting of birds), and sea (collecting shellfish, fishing, and deep-sea hunting) for thousands of years?
In attempts to address the question of agricultural origins on the Korean Peninsula, many archaeologists have utilized various kinds of evidence, including the presence/absence of agricultural residues (e.g., S. M. An 1998 , the spread of certain types of polished stone tools (e.g., W. Y. Kim 1986) , increased socioeconomic complexity (e.g., J. S. Kim 2001 Kim , 2002 , change in subsistence patterns by examining the faunal remains from related sites (e.g., Norton 2000a; Norton et al. 1999) , or some combination of the above processes (e.g., Choi 2001; J. J. Lee 2001a J. J. Lee , 2001b J. J. Lee , 2002 . The intent here is not to discount or minimize the increasing social complexity that occurred during the Holocene in prehistoric norton . the increased use of plant domesticates Korea and the role that it may have played in the spread of plant domesticates across the peninsula. However, it is argued here that other factors may have played equally important roles in why rice and millet agriculture became the primary food staples among Bronze Age peoples in Korea. This study continues to emphasize the importance of utilizing zooarchaeological data in any reconstructions of prehistoric diet, in addition to accounting for environmental influences.
Diet Breadth Contingency Model
In addition to the e¤ect of palaeobathymetric variation during the Holocene, the spread of plant domesticates across the Korean Peninsula can be explained at least partly by the diet breadth contingency model (hereafter ''DBM'') from behavioral ecology. The basic, underlying premise of the DBM is that a forager, whether human or nonhuman, will prefer to procure a set of resources that o¤ers a relatively high rate of return (based on net energy return) over a food package that is more di‰cult to obtain and/or process. When a foraging band begins to see diminishing foraging e‰ciency for selective harvesting of higher-ranked resources, the DBM predicts that less profitable-or originally perceived less important-food sources will be added to the group's overall diet in order to lessen the potential fall in foraging e‰ciency. Accordingly, when the overall diet reaches the threshold point where the higher-ranked set of resources begins to provide insu‰cient amounts of the daily recommended calories, proteins, carbohydrates, and fats, lower-ranked food packages will be added to the diet to compensate. Overall diet breadth will in turn expand because lower-ranked resources will be added to a subsistence strategy that will continue to include higher-ranked food packages whenever available (Bettinger 1991 (Bettinger , 2001 Gremillion 1996 Gremillion , 2002 Hawkes and O'Connell 1992; Layton et al. 1991; MacArthur and Pianka 1966; Stephens and Krebs 1986; Goland 1993, 1997; Winterhalder and Smith 2000) .
The main reason for the expansion in diet is to maintain the average e‰ciency of the foraging group in face of potential food shortages that occur due to any number of causes. For instance, if population density increases to the point where a strain is placed on the primary food source (i.e., intensification and overexploitation), then this could cause the resource to decrease in availability (e.g., see Colley 1990 for discussion of the e¤ect of overexploitation of fish). As a result of failure to maintain average foraging e‰ciency or once this threshold point is reached, a number of events could be faced by the foraging group, including lower encounter rates, lower overall foraging e‰ciency, a greater likelihood of expanding the diet breadth to include lower-ranked resources, emigration, or even extinction. In many of these cases, if the hunter-gatherer band were sedentary and territorially circumscribed, their mobility options would have been limited; emigration would be increasingly more di‰cult. In this case, the foraging group would be forced to rely more heavily on a lower-ranked set of resources or attempt to develop socioeconomic relations (e.g., trade) with other huntergatherer bands that are ''better o¤ '' than them in order to maintain their average foraging e‰ciency. Nevertheless, lower-ranked items should always be ignored, whatever their abundance and/or potential yield, if there is a plenitude of higherranked food sources. Accordingly, the DBM predicts that foraging groups would asian perspectives . 46 (1) . spring 2007 always select higher-ranked resources until the cost of procuring them outweighs the benefits of doing so. When this occurs, harvesting of originally perceived lessprofitable food packages would begin (Bettinger 2001; Goland 1993, 1997) .
The typical ranking of food resources derived through ethnographic and experimental research suggests that terrestrial and sea mammals generally o¤er the highest net energy return rates (based on kilocalories per hour), followed by fish, shellfish, birds, and finally plant and seed products (Gremillion 1996 (Gremillion , 2002 Kelly 1995; Winterhalder and Goland 1993; Yesner 1980) (Table 3) . A great deal of variation exists between these general rankings, and in some cases this can mean that the net energy return rate ranges can overlap. Nevertheless, at the broader level the terrestrial and sea mammals, fish, shellfish, birds, and plant ranking still appear to hold true. A heavier reliance on a set of lower-ranked food packages should not necessarily be perceived in a negative light. In some cases they may be high yielding. In other words, a resource that is lower ranked but potentially high yielding is one that-even though it may not have originally been the preferred food source of the group-still has the potential to produce a surplus that is comparable if not greater than higher-ranked resources. As Winterhalder and Goland (1993) justifiably note, many lower-ranked resources can still provide enough calories and nutrients to maintain and possibly facilitate population growth.
The Korean Neolithic-Bronze Age Shell Midden Sites
In order to address questions regarding the nature of the dietary transition between the Korean Neolithic and Bronze Age utilizing the DBM approach, I have chosen to examine the most representative faunal assemblages from these cultural periods. Even though there are a number of other well-published Neolithic sites from the Korean Peninsula (e.g., Amsadong, Misari, Osanni), the majority of them are open-air localities. Due to the extremely poor bone preservation in Korea, if one is interested in reconstructing subsistence patterns of prehistoric people from Notes: Based on behavioral ecology theory and optimal foraging models. Ranking after Winterhalder and Goland 1993; resources after D. G. Norton et al. 1999; Sample 1974; Shin 2001; Sohn 1982 . this region one has to examine the faunal remains from either cave sites (in Korea, Late Pleistocene only) or shell middens (in Korea, Holocene only). Even though a recent review of the Korean Neolithic lists 115 sites as shell middens ( J. S. Kim 2002) , almost all of these are from small-scale survey investigations and poorly published, and/or any faunal remains recovered from these sites have yet to be studied and/or published. Accordingly, I believe the best faunal accumulations for studying diet change during the Neolithic-Bronze Age transition in Korea are the shell midden sites from Sangnodaedo, Tongsamdong, and Konamri, Anmyundo. These sites are found along the southern and western coasts of the Korean Peninsula, with 14 C dates ranging between 6400 and 2400 b.p. (Fig. 2, Tables 4 and 5 ). Faunal remains from these shell midden sites are ideal for examining variation in Holocene hunter-gatherer diet because their occupation periods correlate well with the Neolithic-Bronze Age transition, in addition to being well published (or directly analyzed by myself in the case of Konamri).
Sangnodaedo was originally discovered in 1978 during an archaeological survey o¤ the southeast coast of the Korean Peninsula by Dong-A University. A joint excavation was later carried out the same year by Dong-A University and Yonsei University. Artifacts discovered included composite bone fishhooks and harpoons, net sinkers, scrapers, and grinding stones, in addition to Chulmun pottery. Faunal remains recovered during excavations indicated that deep-sea hunting took place regularly. Of the 269 identified faunal specimens reported from Sangnodaedo, 45 percent were deep-sea mammals, with the highest NISP count associated with whale (Cetaceae sp. ind.). Deer (Cervus manchuricus, C. nippon) comprised 40 percent of the faunal assemblage as well, indicating that procurement of large terrestrial game occurred fairly frequently as well. This is in addition to procurement and consumption of fish and shellfish and the likely continued collection and processing of local plants and nuts (Shin 2001; Sohn 1982) .
Tongsamdong is located next to the major port city of Pusan in the southeast corner of the Korean Peninsula. It was originally discovered during the Japanese Occupation Period of Korea and excavated by Japanese archaeologists in 1930 and 1932. Korean archaeologists, in collaboration with two American researchers, carried out more detailed excavations during the 1960s. Analysis of the archaeological residues indicated that the Chulmun pottery styles varied through time, suggesting evolution of the indigenous hunter-gatherer groups or di¤erent bands occupying the area at discrete points in time. As with Sangnodaedo, composite bone fishhooks and harpoons, net sinkers, scrapers, and grinding stones were discovered at Tongsamdong. Additional fieldwork carried out at the Tongsamdong site by the Municipal Museum of Pusan in 1999 exposed three pithouses, millet remains, stone adzes, and grinding stones from the Middle Neolithic levels. It has been suggested that flotation of residues from the Early Neolithic layers at Tongsamdong may reveal evidence for early plant cultivation in southern Korea (S. M. An 2004; Crawford and Lee 2003) . Terrestrial game (deer, wild pig) was found in the same context as fish, bird, and deep-sea mammal remains, attesting to the diversity of the foraging pattern of the residents of Tongsamdong (D. I. Oikawa 1933; Sample 1974; Sample and Mohr 1964; Yokoyama 1933) . The data utilized in the present study are derived from Sample's publication (1974) of the excavations and analysis of the archaeological data that was carried out in the early 1960s.
norton . the increased use of plant domesticates
Konamri is located just o¤ the central west coast of the Korean Peninsula on the southern tip of Anmyundo, the sixth-largest island of Korea. It was originally discovered during an archaeological survey carried out by the Hanyang University Museum research team in 1986. At that time, the remnants of 13 shell midden Only species that are represented by an NISP count of 5 are listed here. The two main reasons for this are that a singular occurrence does not necessarily mean that the site's inhabitants were exploiting that particular resource on a regular basis, and misidentifications may have been possible on a small scale (data from D. G. Sample 1974; Sohn 1982) .
asian perspectives . 46 (1) . spring 2007 deposits were exposed; additional sites have since been discovered. Konamri is the only shell midden site found in Korea that is comprised of both Neolithic and Bronze Age deposits, making it possible to do a comparative study of subsistence patterns of people living in this region during the two cultural periods. Mumun pottery was discovered in a midden overlying Neolithic deposits. Also discovered in the Neolithic midden was a diversity of bone tools (composite fishhooks and needles), stone scrapers, and chipped stone tools. Along with the Mumun pottery, stone tools associated with the cultivation of plants (hoes and sickles) were discovered in the Bronze Age midden. Diverse remains of deer, pig, bird, and fish were reported in the middens from both cultural periods. Even though there is a great deal of overlap between these datasets in terms of presence/absence of different species, significant variation does exist (D. I. Norton 2000a; Norton et al. 1999) .
environmental, hunter-gatherer settlement, and dietary variation during the korean neolithic-bronze age
In this study, I draw on three lines of evidence in order to address questions related to the Korean Neolithic-Bronze Age subsistence transition: (1) resource diversification and intensification of di¤erent food resources during the Neolithic; (2) changing sea level/coastline (c. 10,000-4000 b.p.); and (3) shifts in archaeological site locations through time (Late Palaeolithic-Neolithic-Bronze Age).
Resource Diversification and Intensification of Secondary Resources
Very little of the existing evidence currently suggests that what are normally considered lower-ranked resources (e.g., shellfish, birds, turtles) were utilized during the Korean Late Palaeolithic. Even though Late Pleistocene faunal collections are present in Korea, they have either yet to be studied and published or the studies that have been carried out (e.g., Y. J. Lee 1984; Sohn 1980 ) lack solid theoretical and methodological taphonomic approaches, thus biasing the interpretations (Norton 2000b ). In addition, stone and bone implements often associated with the acquisition of shellfish, birds, fish, and deep-sea mammals have yet to be found in Korean Palaeolithic deposits. This contrasts to current research on Late Palaeolithic faunal collections from China and Japan that appear to display evidence for e¤ective hunting and/or the beginning of a diversification of the hunter-gatherer subsistence base (Norton et al. n.d.a; Norton et al. n.d.b) . An 2004; Choe and Bale 2002; Sample 1974; Sohn 1982. norton . the increased use of plant domesticates
Even during the Incipient Neolithic, if the evidence from Kosanni may be considered representative, it would still appear that hunting of indigenous animals and collecting and processing of local plants and nuts continued to be the primary food acquisition methods. However, by the advent of the Early Neolithic, as evidenced from the shell middens located along the coast of the Korean Peninsula, hunter-gatherer diet breadth expanded (Norton 2000a; Norton et al. 1999) .
In examining the diversification and intensification of macromammal remains from the Neolithic and Bronze Age shell midden sites of Sangnodaedo, Tongsamdong, and Konamri, a general pattern appears. When comparing the ratio of number of identifiable specimens (NISP) to the number of genera from each site it appears that the earlier occupied localities exhibit greater diversity (e.g., Sangnodaedo and Tongsamdong) ( Table 6) . 2 This suggests that subsistence strategies were expanding. By the Late Neolithic, the food acquisition strategy emphasized a narrower range of genera but much more intensively (e.g., Konamri Neolithic midden). Norton and others (1999) were able to show that subsistence intensification at Konamri during the Late Neolithic was heavily focused on the procurement and di¤erential processing of fish, probably for storage and consumption at a later time. Nevertheless, by the advent of the Bronze Age the number of genera once again increases, although the overall NISP count for Konamri decreases significantly from the Neolithic to the Bronze Age. Assuming that the population was stable or increasing and this pattern of intensification and diversification holds true throughout the peninsula, then the Bronze Age Korean peoples must have increasingly been supplementing their main diet with additional food sources that do not appear in the archaeofaunal record.
Shellfish and Birds -Two food sources that appear during the Early Neolithic for the first time in the Korean prehistoric record but that are relatively low on the DBM are shellfish and birds. Shellfish, sessile in nature, are easy to collect. However, they are di‰cult to process, consume a great deal of time, and do not provide a su‰cient daily food supply unless a great many are prepared. Due to the slow maturation rate of shellfish, it is relatively easy to overharvest this resource. Hunting avian prey is di‰cult, does not necessarily result in captured game at the end of the day, and does not usually result in an adequate food package unless procured in large numbers. Accordingly, in terms of net energy return rate, both prey choices are lower ranked and would normally be ignored if higher-ranked food sources were available (Broughton 1994 (Broughton , 1997 (Broughton , 1999 de Boer 2000; de Boer and Longamane 1996; Kelly 1995; Yesner 1980) . Note: Totals derived from terrestrial macromammals, sea mammals, and fish NISP counts (data from D. G. Norton 2000a; Sample 1974; Sohn 1982) .
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Both shellfish and birds appear during the Early Neolithic, suggesting that a need arose to begin harvesting these lower-ranked resources by the advent of the Holocene. By the beginning of the Bronze Age, however, these lower-ranked food items appear to be less intensively procured. For instance, two-sample hypothesis testing of oyster (Crassostrea gigas) sizes between the Neolithic and Bronze Age remains from Konamri indicates that the size variation observed earlier (Norton 2000a) is marked: Z ¼ À8:521, p < 0:001 (descriptive data from Table 7) . That is, the size of oysters was much smaller during the Neolithic, and this di¤er-ence is statistically significant. Even though environmental change could be a possible reason for the significant variation in shellfish size in certain regions of the world (e.g., see Spennemann 1987 for his study of Tongan shellfish disparity), the environment did not change significantly around the Konamri occupation site during the Neolithic-Bronze Age transitionary period (c. 3500 b.p.: D. I. . Accordingly, the variation in average oyster sizes suggests that humans more intensively procured oysters during the Neolithic than during the Bronze Age. Based on presence/absence, avian remains appear early in the Neolithic record and in greater diversity than any time during the Bronze Age (see Table 4 ). During the Early and Middle Neolithic, as evidenced by Sangnodaedo and Tongsamdong, there is a greater diversity of avian prey procured, but this decreases through time (as data from Konamri suggests). This pattern of decreasing emphasis on hunting birds through the Neolithic and into the early Bronze Age is consistent with the apparent decreasing e¤ort to gather shellfish and procure fish ( J. J. Lee 2001a; Norton 2000a; Norton et al. 1999) .
Changing Sea Level and Coastline during the Early to Middle Holocene (c. 10,000-4000 b.p.)
Palaeoenvironmental reconstructions of the coastline of Northeast Asia, particularly the region of the present-day West Sea (Yellow Sea), suggest that up until relatively recently much of the area was dry land (Fig. 3) . Palaeobathymetric studies of the region indicate that sea level was lowered by up to an estimated 120-140 m in some areas during certain subperiods of the Late Pleistocene (Huang 1984; Kaizuka et al. 1995; Kim et al. 1999; Kwon 1999; Lee and Yoon 1997; Minoura et al. 1997; Norton 2000b; Park 1994 Park , 2001 Qin and Zhao 1994; Sun et al. 2000; Yasuda 1978 Yasuda , 1984 Zheng and Li 2000) (Fig. 4) . In fact, in the past it has been proposed that during these periods of extreme climatic change (e.g., the last glacial maximum), the East Sea (Sea of Japan) was a lake with only small tributaries reaching the Pacific Ocean. However, it is currently Notes: Highest counts only. Data from D. G. norton . the increased use of plant domesticates Fig. 3 . Outline of the Northeast Asian coastline. The dotted line is a reconstruction of the coastline at 10,000 b.p. and the straight line is the present-day coastline. At 6000 b.p., sea level actually rose above the present-day coastline. Around 4000 b.p., sea level retreated to its present-day position, with only minor fluctuations over the course of the past 4000 years. Fig. 4 . A reconstruction of bathymetric levels over the course of the past 20,000 years around the Korean Peninsula (redrawn after Park 2001) . Not surprisingly, this correlates well with Chinese and Japanese palaeobathymetric reconstructions, though in both of the latter cases the period between 7000 and 5000 b.p. was represented by sea levels higher than the current levels (cf., Kaizuka et al. 1995; Sun et al. 2000; Zheng and Li 2000) . Due to the fact that Konamri is roughly 1 km from the current West Sea, I believe that the sea level around the Korean Peninsula between those years would also have been higher than the present day.
believed that the last land bridge connection between the Korean Peninsula and the Japanese archipelago was during the Middle Pleistocene (c. 430,000 b.p.) when Naumann's elephant (Palaeoloxodon naumanni) moved into the archipelago (Konishi and Yoshikawa 1999) and likely not during the last glacial maximum (c. 18,000 b.p.) as previously thought. Nevertheless, it is clear that the peninsula and archipelago shorelines extended closer to each other during the Terminal Pleistocene than at any other time during the Holocene. Analysis of bathymetric reconstructions suggests that sea level around the Korean Peninsula reached its current level by approximately 4000 b.p., although it continued to undergo minor fluctuations-variations that can be measured in meters rather than in tens of meters (Park 2001) .
Lowered sea level 10,000 years ago likely would have meant greater group territorial ranges in pursuit of terrestrial mammal resources. In turn, continued procurement of these food packages would suggest that there would have been less of a need to develop complex deep-sea fishing, deep-sea hunting, and/or shellfish collecting technology. In other words, by successfully hunting large game and collecting and processing local plants and nuts, mobile hunter-gatherers would have been able to maintain their average foraging e‰ciency, and they would not have developed a need to expand their diet breadth at that time. This supposition currently appears to hold true because there is a paucity of archaeological evidence found in Late Palaeolithic deposits (e.g., boats, composite fishhooks and harpoons), suggesting that any use of resources from the sea during the Terminal Upper Pleistocene may have contributed only minimally to the daily protein and carbohydrate intake of hunter-gatherers in this region. Only further research in Korea that addresses Late Palaeolithic hunter-gatherer subsistence strategies will clarify this paradox (Norton et al. in press) .
By the middle Holocene (7000-5000 b.p.), the coastal occupation of the shell midden sites of Sangnodaedo, Tongsamdong, and Konamri indicates that the shorelines actually were slightly higher than the present day. For instance, the shell middens from Konamri are currently about 1 km from the West Sea. In addition, data from Chinese and Japanese studies indicate that sea level rose above the current level and then dropped to its current level at this time as well (Kaizuka et al. 1995; Sawai 2001; Sun et al. 2000; Zheng and Li 2000) . For example, shell middens have been found in the Tokyo and Osaka regions farther inland from the current coastline. The palaeobathymetric studies from Korea, China, and Japan correlate well with each other, indicating that this was a regional trend.
Shift in Archaeological Site Locations through Cultural Time
Review of the locations of Korean archaeological sites that date to the Late Palaeolithic, Neolithic, and Bronze Age also presents an interesting pattern that is consistent with a shift toward the dominance of agrarian economies (Figs. 5a , 5b, and 5c; Table 8 ). For instance, most Late Palaeolithic sites are found along major rivers rather than along the present-day coastline of the peninsula. This suggests that the Late Palaeolithic hunter-gatherer groups had a tendency to stay away from large bodies of water (in this case, the West and East Seas). It is actually quite unusual to find a paucity of Palaeolithic sites along the coast of the West Sea because through much of prehistory the region was comprised of dry land norton . the increased use of plant domesticates Sangchonni Yondaedowith a series of rivers running through it and out to the Pacific Ocean. Thus one might suspect that older Palaeolithic sites would be found closer to the presentday coastline of the West Sea, with younger Palaeolithic sites situated farther inland. Even though this does not appear to be the case, it would be evidence for Palaeolithic hunter-gatherer groups moving farther inland to follow large game resources. By the advent of the Early Neolithic (c. 8,000 b.p.), site occupations appear not only along major rivers but are positioned along the coast of the peninsula as well. Not only is there a di¤erence in the general locations of Late Palaeolithic and Neolithic sites, but also it is evident that the number of sites increases during the Neolithic (see Figs. 5a and 5b). However, the most distinct di¤erence is between the number and locations of Neolithic and Bronze Age occupations (see Figs. 5b and 5c) . Even though the Korean Bronze Age spanned only about 1200 years, it should be evident from reviewing the maps that there is a marked increase in the overall number of sites vis-à-vis the Neolithic record. This suggests an overall increase in population size on the Korean Peninsula at the time. Additional archaeological evidence indicative of an increase in population size is that the size of each individual dwelling and the number of dwellings per settlement increased from the Neolithic to the Bronze Age (S. M. An 2004; J. S. Kim 2002; Rhee and Choi 1992) . Kim 2002; Nelson 1993; Norton et al. in press. asian perspectives . 46 (1) . spring 2007
Most Bronze Age sites are located away from the coast and farther inland. I argue here and elsewhere (e.g., Norton 2000a) that the primary reason for this was that Bronze Age peoples were motivated to move inland to take advantage of more fertile land to facilitate the transition to a diet that was becoming increasingly dependent on a few high-yield plant domesticates (i.e., millet and rice). This new ''farmland'' was originally not considered to be the most ideal to carry out a hunting and gathering subsistence strategy and hence was not previously utilized as extensively as the coastal and riverway regions, as evidenced by the paucity of Late Palaeolithic and Neolithic site occupations in these areas. Over 70 percent of the Korean Peninsula is mountainous, with heavily forested regions (Kwon 1999; Norton 2000b) , and so it is not ideal for mobile hunter-gatherers to move across the landscape in pursuit of terrestrial game. Accordingly, it probably would have been di‰cult for Late Pleistocene-Early Holocene hunter-gatherers to successfully penetrate these regions if relying primarily on higher-ranked food resources (e.g., deer, wild boar).
Variation in terms of labor between wet and dry plant agriculture may be related to the move to find better farming land. Dry cultigen agriculture (e.g., millet) does not involve as much labor investment as wet rice agriculture simply because there is not as much upkeep. In the case of dry farming, the households can more or less clear an area, plant the seeds, and then periodically return to make sure the plants are growing properly and that no humans or animals are appropriating the plants as they grow (in particular, scavengers such as birds and rodents have been known to wreak havoc on farmland). Nevertheless, not only do wet rice farmers have to deal with these hazards, they also have to constantly ensure that the irrigation system is working at the optimal level. In addition, because wet rice farmers sometimes try to grow two or even three crops in a year, the soil must be constantly fertilized and replenished, which suggests more irrigation maintenance. Evidence for this appears in the form of irrigation canals and water reservoirs at the Majeonni site. The land along the coast of the Korean Peninsula apparently did not facilitate such a lifestyle and encouraged the newly dependent farmers to move farther inland to find better agricultural land. In relocating, Bronze Age peoples were able to take advantage of higher elevations, where utilizing gravity-fed irrigation systems facilitated the continuous replenishment of the soil and hence the production of a high-yield food package (Crawford and Lee 2003; H. J. Lee 2000) .
discussion and conclusions
The spread of agriculture across the Korean Peninsula and the rise of social complexity are sometimes compared with contemporaneous archaeological evidence from the Japanese archipelago. Even though it may not be the primary reason, I believe one causal factor related to the spread of agriculture and the associated rise in social complexity in Japan is the increased dependence on a seasonal food source: dog salmon (Oncorynchus keta) and trout (O. masou) (Akazawa 1981 (Akazawa , 1986 Imamura 1996; Matsui 1996) . However, unlike Japan (and northwestern North America), anadromous fish are not prevalent in Korea. Therefore, developing intensive fish collecting strategies and associated complex social networking similar to the Jomon in Japan or the northwestern American Indians never arose in Konorton . the increased use of plant domesticates rea. The lack of a need to develop the type of social relations and social networks often required to carry out the annual intensive harvesting of anadromous fish (e.g., competition over favorite fishing spots) meant that each Neolithic Korean village was still more or less autonomous. This may be part of the reason why stylistically, Chulmun pottery never developed to the level of sophistication clearly visible in contemporary Jomon ceramic assemblages. Increased competition over limited resources usually leads to any number of changes on the sociopolitical landscape of the region (e.g., Jomon: extremely sophisticated development of their pottery; Kwakiutl: potlatch). Lack of this type of reliable resource during the Korean Neolithic suggests we should investigate other reasons for the significant subsistence transition during the Holocene.
Elsewhere I presented a model for why a nonindigenous food source (cultivation of millet and rice) was accepted by foragers living on the Korean Peninsula during the middle Holocene (Norton 2000a) . The basic premise is as follows: By the beginning of the Holocene, Korean hunter-gatherers were living in villages along the coasts and major riverways in what may be deemed an ecotone. In other words, the Korean Neolithic inhabitants had access to a diversity of food packages (see Table 4 ) that included the procurement of resources from the land, sea, and air. They were able to lead a sedentary or semisedentary lifestyle through expansion of diet breadth and the use of storage . Due to an increase in human population size resulting from this sedentary life, huntergatherers faced territorial circumscription. In turn, Korean peoples found themselves unable to maintain their overall foraging e‰ciency, which eventually led to the heavier reliance on lower-ranked resources-in some cases intensively and possibly leading to overexploitation. During the initial periods of food intensification, a wider diversity of dietary packages was procured that included cultivated plant products. By the Late Neolithic there is a decrease in utilization of fish, shellfish, and birds that coincides with the apparent increased reliance on plant domesticates (e.g., millet and rice), the latter becoming the main staple of Korean Peninsular peoples by the advent of the Bronze Age 3500 years ago.
From this current review and analysis of the Korean archaeological and palaeoenvironmental records, several points appear to support the model described above as a multicausal explanation for addressing the question of why plant domesticates spread across the Korean Peninsula during the Holocene. Why they may have waited so long to begin utilizing plant domesticates may be explained by what was detailed above and briefly outlined as follows.
Very little archaeological evidence of coastal occupation currently exists that predates 10,000 b.p. The majority of Korean Late Palaeolithic cultural period occupations are either cave or inland riverway sites away from the coast. This correlates well with the current lack of evidence of a Palaeolithic subsistence strategy that included any utilization of food resources from the sea. Even though absence of evidence is not evidence for absence, composite tools (e.g., net sinkers, bone fishhooks, harpoons) normally associated with fishing, shellfish collecting, and large sea-mammal hunting have yet to be found in Palaeolithic deposits in Korea. As scientific research investigating the Korean Palaeolithic continues, this may change, but for now it appears that any utilization of these resources by Palaeolithic hunter-gatherers was probably minimal. Kosanni, the most representative Korean Incipient Neolithic site, provides us with a picture that suggests the asian perspectives . 46 (1) . spring 2007 hunter-gatherers from this region continued to rely heavily on hunting of terrestrial game and the collecting and processing of local plants and nuts.
Sea levels rose during the Holocene, stabilizing around 4000 b.p., and Neolithic hunter-gatherers went from semisedentary to sedentary living. These two factors resulted in increasing numbers of villages during the Neolithic, which probably led to some degree of territorial circumscription. This simply meant that with increasing population pressure, the Korean Neolithic coastal huntergatherers found it more di‰cult to move up or down the coast in order to continue following a similar subsistence strategy.
As the number of site occupations increased during the Neolithic and mobility options decreased, it would appear that it became increasingly more di‰cult to continue to rely simply on the procurement of large game resources and the collection and processing of local plants and nuts. This likely prompted Korean Neolithic peoples to expand their diet breadth to include procurement of food resources such as shellfish, fishing, and avian faunae in order to minimize declining foraging e‰ciency, in some cases extremely intensively (e.g., fish utilization at Konamri). This also included the small-scale cultivation of plants (e.g., millets).
With the ever increasing population on the peninsula, people came to rely more heavily on a potentially high-yield resource (i.e., rice agriculture). Once Korean peoples developed a heavier dependence on plant domesticates, this new primary subsistence strategy drew many households farther inland and away from the coasts in order to utilize more fertile farming land. This is evidenced by the dearth of coastal Bronze Age sites on the Korean Peninsula. In some cases, entire villages may have relocated farther inland, or in other instances only part of the village may have moved. The latter instance may have been the case with the Late Neolithic-Bronze Age coastal shell midden site of Konamri and the nearby fully agricultural Bronze Age inland site of Songgukni, which appear to have had some type of socioeconomic relationship. This dietary transition promoted an even more pronounced increase in human population density, which by the advent of the Bronze Age led to substantial changes to the Korean socioeconomic landscape. Increasing societal demands for labor and trade would only have prompted people to increase their production of millet and rice.
As should be evident from this discussion, people do not normally change a subsistence strategy that worked fine for thousands of years just for the sake of change. There is usually a motivating dynamic involved. In this case, in addition to increasing social complexity, there were likely a number of equally important factors, including rising sea level, long-term e¤ects of sedentism, increasing population pressure, and territorial circumscription that prompted many of these changes.
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